ABSTRACT: Brown crab, Cancer pagurus, supports one of the most important European fisheries, 11 however, spatial patterns of connectivity and adaptation are largely unknown and difficult to 12 identify due to the species' life history which entails distinct dispersal characteristics during larval 13 and adult life stages. To address this limitation spatial-temporal genetic structure was assessed, 14 using 8 microsatellite loci, across the majority of the species' NE Atlantic distribution. Neutral 15 genetic structuring revealed a background of high gene flow throughout the region, with a 16 superimposed pattern of chaotic genetic patchiness (CGP) linked to stochastic recruitment 17 variability. The CGP was geographically patterned, being prevalent among English Channel samples 18 and absent among North Sea samples, suggesting specific biological (e.g. reproductive ecology) and 19 environmental (seascape) drivers. Such recruitment variability may compromise stock resilience and 20 must be considered within spatial management strategies. Another prominent feature was the 21 pronounced differentiation of males sampled within a fjord (Gulmarsfjord) from all other samples, at 22 a single locus exhibiting the effects of divergent selection. Gulmarsfjord females were genetically 23 similar to all other 'non-fjord' samples, and exhibited a comparative level of differentiation at the 24 outlier locus from the Gulmarsfjord males. Due to known dispersal differences between the sexes, 25 the pattern within Gulmarsfjord can be explained by the intermingling of allochthonous females with 26 resident, locally adapted, males and demonstrates the occurrence of fine-scale local adaptation in 27 this species. Collectively, the study highlights how considerable intraspecific eco-evolutionary 28 diversification can occur despite high levels of dispersal / gene flow. 29 30
INTRODUCTION

36
Genetic studies have yielded many insights into marine intraspecific biodiversity with 37 important findings including the detection of significant genetic population structuring (Shaw 38 et al. 1999 , Knutsen et al. 2011 , McKeown et al. 2015 and adaptation (Hemmer-Hansen et 39 al. 2007a , Poulsen et al. 2011 , Therkildsen et al. 2013a ) in systems where high gene flow 40 would be expected to prevent such differentiation (Palumbi 1994 , Waples 1998 . Population 
92
The objective of the present study was to test the general hypothesis of genetic 93 panmixia in brown crab throughout a considerable portion of the species' range, with a 94 specific focus on the English Channel and North Sea. Some genetic studies of crustaceans 95 have reported macro-geographical homogeneity with structuring apparent only at regional 96 scales (e.g. Domingues et al. 2010) , while other studies have reported fine scale spatial / 97 temporal genetic structuring (Selkoe et al. 2010) . To encapsulate such potential complexity 98 broad-and fine-scale spatial-temporal patterns were assessed. Furthermore, comparative 99 analyses of males and females were performed to identify differences that may be associated 100 with sex-specific ontogenetic movements. The sampling strategy also encompassed distinct
108
MATERIALS AND METHODS
109
Sample collection and molecular analyses. Spatial/temporal sampling of adults throughout 110 the NE Atlantic was performed using both research (CEFAS) and commercial vessels (See 111   Table 1 and Fig. 1 for sample information). For each sample crabs were captured using 112 multiple baited pots within a localised area (maximum distance among pots ~200 metres) 113 over a single day with tissue biopsies preserved in ethanol. Although adult crabs cannot be 114 reliably aged, samples were considered to consist of multiple age cohorts. For the samples 115 collected on board CEFAS vessels, the majority of individuals were identified as male or 116 female, which permitted downstream separation in statistical analysis.
117
Total DNA was extracted using a standard CTAB-chloroform/isoamylalcohol method 118 (Winnepenninckx et al. 1993 expectations and genotypic linkage equilibrium between pairs of loci were tested using exact 126 tests (10,000 batches, 5000 iterations) in GENEPOP 3.3 (Raymond & Rousset 1995) .
127
Deviations from HWE were measured using F IS , calculated according to Weir & Cockerham 128 (1984) and tested for significance by 10,000 permutations in FSTAT 2.9.3. (Goudet, 1995) .
129
Mean pairwise relatedness within samples was calculated using the relatedness estimator, r qg ,
130
of Queller & Goodnight (1989) pairwise and global tests which included the Gulmarsfjord males ( Supplementary Fig. 2 ).
206
Cpag6c4b allele frequency distributions among Gulmarsfjord females were similar to other 207 samples (Fig 2) and pairwise comparisons including this sample yielded a mean pairwise Table 3 ). Similar numerically small, yet significant, genetic 241 structuring was also reported among Celtic / Irish Sea samples (global F ST = 0.004, P = 242 0.001; global G P < 0.0001), driven by the differentiation of, and among, the more southern 243 samples in the region (Table 3) .
245
Inter-regional genetic structure
246
The two samples from the west of Ireland (NWIre and GalBay) were not significantly 247 differentiated from each other but exhibited a high proportion of significant pairwise test results against samples from other regions (Table 3 ). This differentiation was apparent in the 249 PCoA ( Fig.3) , which also highlighted the differentiation of the Saint Ives Bay sample (Celtic 250 Sea) with 27 out of 31 significant pairwise tests (Table 3) (Table 4) . AMOVA revealed similar patterns among 259 partitioned males and females, and randomisation tests indicated no significant differences 260 between the sexes for a number of indices (Table 5) . The positive outlier status of locus Cpag6c4b in all comparisons involving the 287 Gulmarsfjord males suggests that this locus, or a linked genomic region, is subject to 288 divergent selection effects. This result adds to a number of studies reporting selection effects 289 apparent at microsatellite loci that were at some stage assumed to be neutral (Larsson et al. 
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The CGP in brown crab was unusual in exhibiting a geographic pattern. In contrast to 362 substantial numbers of significant differences among samples within the Irish / Celtic Seas 363 and the English Channel, excluding the Gulmarsfjord males there were no significant 364 differences among North Sea samples (see Table 3 ), which together with the spatial / 365 temporal genetic homogeneity among Scandinavian samples described by Ungfors et al. This study has implications for sustainable management of the brown crab fishery.
412
The detection of adaptive diversification should enhance appreciation of local adaptation as a 
